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Corticosteroid lTo-Esten Containing a Functional Group . 

^Ue^AldraMan^ . 
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Introduction 

Since hydrocortisone was introduced into dermatoloeical 
use, 1 many structural raodificatione of the liyc^rtiso^ 
molecule have been made with the aim at erdjancinTan- 
Umflammatory potency. Important structural modffica- 
^^i^J^^^^yi^m.' and introduction 
of a double bond at C-l position of the steroidal skeleW 

Abo. it u confirmed that eaterification of the 17«- 
and/or 21 -hydroxy! groups* and replacement of the 21- 
hydroxy! group with a halogen atom" enhance the touical 
antunfkmmatory activity due to improved penetrationof 

S^bergw M. Written. V. R J. lw^ ^ 1M , - 
<a> PrW. J4 Sabe, E. P Symhen. of Wo-Hyd^^ 

Hyaxoccrtiaooe. Ihid. 1954, 78. 1465. «*«»n»one«mj 

ft "'^ — I 1 f f " Mil in tiin n J II i 

«d Related Compounds, 4. S-MsthyiStaroib. J AbvSST 

Rj Hott D. R; Sana, L. H; Sffiar, R. iL Stowt It r - 
Winter ax 18-Mrthy^ Su^ I^S,^ 

84 Baler. AC PertaaZp. UPeSrSf mILaSSJSw 

Heruf, H. L. Sdtnet ItSS, 721. 176. 
McKeno*. A. W^- Atknaon. R. M. Anh. Dtm. I9S4 m 
Phinip^ G. H MeOu^^ Topical 
Gtaxo Sympatuum Churchill Lmnrtfcmc 1^7^ 
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rtcepte.? nd 10 inauueA aBi ^ ty for 1,16 glucocorticoid 

n^"S 1 ^ tttt " w ,) ' fifl lt 1 '' m - 21-chloro-9 a -Quoro- 
lW7o^yo^i6y^metlrybpregnfrl.4-^^ 
17o-propionate (dobetaaol propionate, CP) is found to 
nave the strongest topical antiinflammatory activity in 
c ^ u £'* On the other hand. CP aboshows «,ve£ 
advene effects such as thymoIyBis and dermal atrophy. 8 
the field of glucocorticoids. Utile success has been 
achieved in completely separating undeaired side effects 
trom topical ant iinflamma tory activity except for 21- 
c^batfatB* and 17*carbc*ylate» a^^rfaw^S, 
thje mtoinflnm^oTy activity of nather derivativea is as 
strong as that of CP. Teutsch et aL'» and Kertesz and 

(8) teDTotd-sVi^S^' •^••pi^a-caobmr-* 



(4) 

(5) 
(6) 



_■ — — ~" w/awuus rail can QI AOCBCU 

/». ?>«»»«»•>. ^. Mtd. j. im, 4, 20a. 

V&wl££^ ^ 5" L ^Inflammatory Sfroid. 
S^^SttnSS?^ 

(10) Pi£IIh», G. R; Bain, B. M; EiWh, A. Woollett. E. A. 
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iolized Corticosteroid 17a- Esters 

j. *arx x * have reported some success in separating topical 
from systemic activity in glucocorticoids. Recently, Lee 
et ai also have reported the preparation of anew class of 
steroidal 16-esters and amides that are designed on the 
basil i of the "antedrug* concept" defined as a chemically 
modified compound which exerts desirable effects at the 
local tissue, and rapidly decomposes into inactive com- 
pounds when it enters into metabolic circulation. 




CJosetaso! propionate Antodrog 
(CP) 

Since the 17a-ester of glucocorticoids resists metabolic 
hydrolysis, it is expected that the ester can appropriately 
be modified with a terminal functional group so as to 
undergo metabolic mactzvation prior to hydrolytk cleavage 
of the ester bond, and hence such glucocorticoids may not 
exhibit systemic adverse effects and provide good sepa- 
ration of local to systemic activities. To date, simple al- 
iphatic car boxy late, benzoate," carbonate, 1 * and hetero- 
cyclic aromatic carboxylate u have been reported as esters 
of the 17a-hydroxyi group. Recently, Mitsukuchi et al 
reported the synthesis of 17a-succinate derivatives of 
glucocorticoids. 17 

We have also attempted to separate the systemic adverse 
effects, such as adrenal s u p pressive effect and thytnoiysis, 
from topical antiinflammatory activity of ghicocorticoid 
by modification of 17o-ester of glucocorticoids. We de- 
al) Teuttch,G4Coitcrou8M,G.;Denerft,R4 

M-; Philibert, D. 17a-Alkynyi-l l/U7^ydroxyandrottane 
Derivatives: A New Clan of Potest Glucocorticoid!. Steroid* 
1981, 38, 651. 

Kerteaz, D. X; Marx, M. Thiol Esters from Steroid 170- 
Carboxylic Arid* Carboxylat* Activation and Internal Par- 
ticipation by 17a-Acylatea, J. Org. Cham. 1988, 51, 2315. 
(a) Lee. H. J4 Taraporewak, L B4 Kim, R P4 Hriman, A. S. 
A Novel Claaa of Local Antunflammatary Steratdi/lst Com- 
munication: Analogues of Methyl 11047o^l-trihydroxy> 
3^0siic^regna-1.4^iene-lC t ><ajDOAy^ Armetm-Farzch. 
1989, J9(7), 21. (b) Lea, H. J4 Hesman. A. &; Kim, H. 
Taraporewala, LB. A Novel Class of Local Antiinflammatory 
Steroids/ 2nd Communication: Pharmacological Studies of 
Methyl 114a7a^^trihycUOTy-3»20HiiOToprefrls-l,4-<iiene- 
16a-carboxylate and Methyl lltf^-<iibydroxy-3£0Kiioxo- 
pregna-l^iene-lCir^axboxyUtte. Ibid, 1989, 39UU 262. 
(a) DiPasquale, Raasaert, C. U; McDoagaJQ. E. The Local 
Antiinflammatory Properties of Betamethasone 17-Benzoate 
and 6a,9^Difluoroprednia©ione 21-Acetate 17-Butyrate. 
Steroids 1970, le\ 679. (b) Lutaky. B. N4 Berkenkopf. 
Fernanda, X4 Monahan, M4 Shue, JL J.; TOeri. R. U Green, 
M. J. A Novel Class of Potent Topical Antiinflammatory 
Agents: 17-BenxoyUted, 7a*Halogeno Subftttoted Cortico- 
steroids, Ameim.-For*ch. 1979, 29, 1662. 
Alpennann, R G+ Sandow, JL; Voget H. G. Iterexnermenteue 
Untersuchungen zur topischen und systemischen Wtrksamkeit 
von PrediiisoloiHl7-ethyicarboiiav2lHa^ Arzneim.- 
Forsch. 1982, 320). 63a. 
(16) Shapiro, E. U Gentles, M. J4 TOeri, R. U Popper, T. U 
Berkenkopf, J.; Lutaky, &; Watnick, A. S. Synthesis and 
Structure-Activity Studies of Corticosteroid 17-Heterocydie 
Aromatic Eaters. L 9a,ll^Dkhloro Series. J, Med. Chem. 
1987, 30, 1088. 

Mitsukuchi, M4 Nakagami, X; Ikemoto, T^ Higudri, S4 Ta- 
rumoto, Yetui, R; Sota, K. Studies on Topical Antfinflam- 
matory Agents. 1. Synthesis and V aso c onstri c tiv e Activity of 
Corticosteroid 17-Suctinyl Esters. Chem. Pharm. Bull 1989. 
37, 1534. 
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Table L Preparation of FWtionalized Ortho Esters 
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•These ortho eaters were used for the 
derivatives without further purification 
ortho esters were prepared by alcohol exd 
the Experimental Section). 

Scheme I* 
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Ms) X^CHJ.aOR),, p-TsOR THF; (b) AlCi,(aq), MeOH; (c) 
CHtSOfd, py or (CP^O^O, py, CBfik (d) UC1, DMF. 

scribe herein the synthesis of a series of 21-desoxy-21- 
chlorocorticosteroids with runctkmaiized ester group at 17a 
and their remarkable ability to separate systemic effects 
from topical flwtMwflflmTTjfl tory activity. 
Chemistry 

Introduction of runctfonalized ester groups at 17a re- 
quired the preparation of the respective functionalized 
ortho esters. 

Preparation of Ortho Esters Containing a Fane* 
tional Group* Ortho esters containing s functional group 
were prepared by a two-step synthesis using the corre- 
sponding nitriles as the starting materials, known as the 
Pinner synthesis." Hie first step is the preparation of 
an imidate hydrochloride by the reaction of anitrOe with 
an alcohol and anhydrous HCL The second step is the 

(18) (a) Pinner, A. Ber. Dtsth. Chem. Ces. 1882. 16, 325. (b) Pin- 
ner, A. Ibid. 1883, 16, 1643. (c) Dewolfe, R. H. Syntheeia of 
Carboxylic and Carbonic Ortho Eaten. Synthesis 1974, 153. 
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* Clobetasai 17-propKmate, 'Betamethasone 17,21-dipropionate. * Potencies relative to dobetaaol propionate (CP » 1). 'Ratio of topical 
(edema inhibition ) to systemic (thymoiysis) activities. 'Obtained as an amorphous produ c t . 'Granuloma inhibition or thymofittc activity 
was not detected ai doses op to 100 ac/poucn. ND * Not determined. •»*:?• -. ' : : ■ . : 



alooholyais of the imidate hydrochloride to the ortho ester. 
The preparation of imidate hydrochloride and alooholyais 
to the ortho ester were usually carried out separately. 

Attempts to prepare 3-chtoroorthopropionate showed 
poor results. Methanolysis of 3-diloropropioimidate hy- 
drochloride, which was made from 3-chloropropionitril e 
gave methyl 3-methoxypropionate as the predominant 
product (The results are listed in Table L) 

Preparation of the Derivatives of 21-Desoxy-21- 
chlorobetamethasone 17o>Functionalized Alkanoates. 
The general method for the preparati on of 21-desoxy-21- 
chlorobetamethasone 17a-fimctionalized alkanoates is 
depicted in Scheme L 

Commercially available 0-methasone (9a-fluoro- 
1 17a,21-trihydroxy- 16^-nietriylpregna- 1 t 4Hdiene-3 > 20- 
dione, 9) was used as a starting material. Esterincation 
of the 17a-hydroxy group was carried out via the procedure 
of Ercoii etai 19 Treatment of g-methasone (9) with the 
functionalized ortho esters 8, preparation of which were 
described above, and p-toluenesulfonic acid as an acid 
catalyst at ambient temperature gave cyclic ortho esters 
10. The ortho esters thus obtained were hydrolyzed in the 
presence of A1C1 3 in aqueous MeOH to give 21 -hydroxy- 
17a-alkanoates (11). 

Certain cyclic ortho esters, lOg and 10k, could not be 
obtained from the corresponding cyanooxthoacetate 8g and 
(methoxycarbonyl)orthoacetate 8k, because under acidic 
conditions, the ortho acetate possessing an electron-with- 
drawing group, such as a carbonyl or nitrfle group, at the 
a-position decomposed. 

Transformation of 21-hydroxy-17or-alkanoates (11) into 
21-chloro derivatives (13) was accomplished as follows: 
The 21-hydroxy group was transformed into an appro- 
priate leaving group such as a mesylate or triflate. Hie 
crude 21 -sulfonates without further purification were 
readily treated with LiCl in DMP to give the 21-desoxy- 
21-chloro derivatives (13). 

Preparation of 13m and 13n was carried out via alcohol 
exchange reaction of 131 and 13o, respectively, under basic 
conditions. Hie results are summarized in Table IL 



(19) (a) Ercoii, A^GajdilUVitaaRreti^^ 

(b) Ercoii. A4 Gardi, R4 Vitaii. R. Goxx. Chim. ItaL 1963. 93, 
431. 



Biological Results and Discussion 

Topical antmiflammatory activity was measured in mice 
by a modification of the croton oil ear assay of ToneHi et 
al 20 and thymolytic activity was determined in the rat 
granuloma pouch assay system. 11 For the evaluation of 
topical antiinflammatory activity of corticosteroids, the 
croton oil ear assay shows good correlation to clinical po- 
tency compared to granuloma pouch assay. On the other 
hand, the granuloma pouch assay reflects systemic effects 
of corticosteroids such as thymolysis rather than topical 
activities. 30 Table HI shows the topical antafnflnmmatory 
activity and the potency of thymolysis of 21-chloro-9o- 
fluoro- 1 l^,17oMimydroxy-160-methylpregna- 1,4-diene- 
3,20-dione 17o>runctionalized alkanoates relative to CP. 
For comparison, the data for betamethasone 17ou21-di- 
propionate (BMDP) are abo listed. 

In a preliminary study, several kinds of functional 
groups such as methoxy, chloro, acetoxy, methyltbio, 
cyano, cydopropyl, and methoxycarbonyl were introduced 
on an opposition in the 17a-ester group. The number of 
methylene groups was altered from one to three. Topical 
antiinflammatory activity, thymolytic activity, and the 
ratio of topical to systemic activity (RA) of these com- 
pounds are shown in Table IL The topical antiinflam- 
matory activity of the parent compound (CP) was weak- 
ened by introduction of any functional group to the no- 
ester except for the methoiycarbonyi group (131), whereas, 
thymolytic activity varied with each functional group. 

Functionalization with methoxy, acetoxy, and chloro 
groups resulted in weakening of the thymolytic activity. 
Compounds 13b (Ho-OCWCH^OMe), 13d (17o-0C0- 
(CH^iCI), and 13* (17a-OCO(CHt) 3 OAc) showed good 
separation of topical antiinflammatory activity from thy- 
molytic activity. (13b, RA =» 7.6; 13d, RA - 5.5; 13e, RA 
= 18.6.) On the other hand, the derivatives of methylthio 
and cyclopropyi groups exhibited low separation of thy- 
molytic activity. (13f, 17o-0C0CH,SMe, RA » LO; 131, 
Ho-OCOCHb, RA » 034; and 13), lla^COCHfi^ RA 
» 0.46.) Especially, both cydopropyl d eri v a t ive s, 131 and 



(20) ToneUi, G4 Thibault, U; Ringar, L A Bioassay for the Con- 
comitant Assessment of the Antiphlogistic and Thymolytic 
Activities of Topically Applied Corticoids. Endocrinology 
19*5,77,625. 
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punctionalized Corticosteroid 17a-Esteri 

Table III. 21*Dc»xy-21«<Mm>^n«tluicn^l7osiktrbox^ Acid 
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'Clobetasol 17-propionate. fc Betamethasone 17#-dipropionate. 'Potencies relative to d obetas ol uTo y i oiiats (CP - U. /Obtained as an 
amorphous product. 'These compounds were prepared by alcoholytis of 13m with' metriarkif and 121 with irffiinnl , " lespetlively (see that 
Experimental Section). 'Obtained by hydrolysis of 131 in an addle condition (see the Kipnimfflita i Section). Htrymoiyiawatnot detected 
at doses up to 100 pg/pouch, * Edema inhibition was not detected at doses up to 34 psj/mL» ND - Not determined. 

m the series of the derivatives of d^^ 



13} showed stronger thymolytic activity compared to 
topical activity, and their thymolytic activities were equal 
to that of CP (131, LMold; 13J, 1.1-fold). These com- 
pounds may resist inactivation through the metabolic 
pathway. 

In contrast to the compounds described above* the 
methozycarbonyi group (131) showed as potent topical 
antimflammatory activity at CP (L3-fold). Moreover, the 
thymolytic activity of 131 was dramatically reduced to 
afford excellent separation of systemic thymus involution 
from topical antimflammatory activity (RA > 130). 

The results obtained from the above investigations 
suggested that three structural features of the 17o-ester 
group affect the topical flM*jiwfl*™«»toiY and the thy- 
molytic activity of glucocorticoids. (1) Hie 17a-esters 
containing a functional group that is rapidly transformed 
into a hydrophilic functional group through metabolism 
in circulation exhibit good separation of topical antiin- 
flammatory to systemic activity. (2) Compounds that have 
a 17a-ester containing a h y d r ophobic nmctional group such 
as alkyl, chloro, and methyhhio retain systemic activity 
and exhibit poor separation. (3) Bulkmess of the 17a-ester 
group is also an important property. There might be an 
optimal volume for the 17o-ester at the binding site of the 
receptor. 

Based on the preliminary studies described above, fur- 
ther investigations were focused an the 21-desoxy-21- 
chlorobe tarn ethasone derivatives of 17or-dicarboxylic acid 
esters. For the purpose of optirnization, the number of 
methylene groups (n) and the alkyi group (R) of the ester 
were varied and the topical antiinflammatory activity, 
thymolytic activity, and binding ability to glucocorticoid 
receptor of these derivatives were fTSTnined (Table III). 

As for the variation of the number of methylene group 
(n), 17a-succinate (n * 2) and 17o-glutarate (n - 3) were 
CTAiwmft^ Methyl succinate (131) showed stranger topical 
antiinflammatory activity than methyl glutarate (13m), 
and ethyl m*™*** (13n) and ethyl grotarate (13o) showed 
the same topical activity. None of these compounds 
showed detectable thyrnolysis. 

The terminal alkyi group (R) also affected on the bio- 
logical activities of the corticosteroid derivatives of 17a- 
dicarboxylic acid esters. Both the topical activity and 
binding affinity with glucocorticoid receptor were de- 
creased in the order of Me (131), t-Bu (13q), and i-Pr (13p). 



thft tflp fca l Hn ^ n f lflmwMttm y J M' Uuity and the affinity with 

glucocorticoid receptor showed good correlation. On the 
contrary, thymolytic activity was drastically weak com* 
pared to those of CP in both series cfl7c^euccmstes and 
17o>glutarates. Only tert-bul^aTHxinate (13q) showed 
moderate gr^™ 1 "™* inhflrfttm (012-fold of CP), but no 
thymic involution was observed. • 

In order to investigate the difference of species, the 
systemic effects of CP and 131 were evaluated in infant 
mice. Ethanol solution of drugs were daily applied to the 
ear of infant male mice far 7 days. On the eighth day, the 
mice were killed and the thymus was removed and 
weighed. Though CP showed thyrnolysis at 01 mg/kg(sc), 
131 showed no thyrnolysis at dose up to 10 mg/kg (sc). 
This result was consistent with thereof that was observed 
in the rat granuloma pouch assay (data not shown). 

In order to ehidda te high flff parfttiqw of *y*temie activity 
from topical activity in a series of 17o-dicarboxyiic acid 
esters, preliminary metabolic studies of analogues of 17cr- 
succinate esters 131 (Me), 13p G-Pr), and 13q (t-Bu) were 
| carried out 

F^rh steroid was dissolved in MeOH at a concentration 
f of 2.0 mM, and 50 of each MeOH solution was added 
to 1.0 mli of human skin homogenate (5 mg of protein/ 
mL) and incubated at 37 f C for 1 h. ..The menbation 
mixture was extracted, with Zfi mL of EtOAc, and the 
organic layer was separated and evaporated. The residue 
was analyzed by reverse-phase HPLC Prom the mcuba- 
tion mixture of 1 31, the tree acid 13r was detected as * 
predominant metabolite. On the c on tr ar y, 13r was scarcely 
detected from the mcubs^ 
not shown). 

For evaluation of the biological activities of the mam 
Tpgta , ft** frna ISy wm gynthmgd by hydrolysis 
of methyl succinate (131) under ac^condmon. The mam 
metabolite 13r showed little bmdmg whJi B^ucoccr^oM 
receptor up . to a concentration: of 160 nM and showed 

n flj th«r topical ariii\Ti(l*mmatirry tU'llvily QOr thymolytic 

activity. (Hie data are shown in Table IIL) ' 

These results suggest that the ester of the primary al- 
cohol (COOR = COOMe) hi rapidly hydroryiedtorresacul 
13r as an inactive metabolite in the local metabolism. On 
the other band, the ester of the tertiary 
o COOtBu) resists local metabolic hydrolysis to show 
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i derate granuloma inhibition activity but is inactivated 
t through systemic metabolism, especially through hepatic 
metabolism, to show undetectable thymolysis. The ester 
of the secondary alcohol (COOR = COOiPr) exhibited 
moderate metabolic behavior. Though the compound 13p 
resisted metabolic hydrolysis in the human sldn homo- 
genate in vitro, it showed neither granuloma iiihibition nor 

thymolysis. . _ „ 

In summary, introduction of (alkoxycarbonyijattanoate 
esters to the 17a-hydroxy group in corticosteroids could 
be an excellent method to provide an •antedrug* which 
shows high separation of topical airtfinflammatory activity 
from systemic adverse effects of corticosteroids. 

Experimental Section 

All melting points were determined in c^opfflarytabescn 
Mettler FP61 and were uncorrected. Elemental analyses were 
performed by a Perlrin-Ehner 240-C elemental analyxer. Dt 
^^^rtLeim^by^ASCO infrared spectrophotometer. 
l H NMR spectra were determined on a VananHA-lOTcraJEOL 
JMN-PS-100 apectrometer at ambient temperature m CDOjor 
DMSO<kwimTMSusedaaanm^ Cbenncd shuts 

are given in 6 (ppm). The following ab rjreviations are used: a, 
aii^t;4dourjIet;t,^^ 

br. broad Thin-layer chromatography <TLC) was carnedouton 
orecoated aflica gel plates (Merck, F-254). Silica gel to column 
cbroniatography was punmased from Wako Pure Chemical Co, 
WAKO-Gel C-300, 200-300 mesh. 

Preparation of Ortho Esters Containing a Functional 
Group. Two typical procedures for preparing trunethyi 3* 
(methoxycarbonyl)orthoprcijionate (81) and triethyl methoxy- 
orthoacetate (8a) were as follow*. ™ - 

Trimethyi 3-(Methoxycarb<myl)orthopropionate (81). Into 
an ice-cooled solution of Mmethoxycau^yDpiopicmttTle (54.0 
a 0 48 mmol) and anhydrous MeOH (21.3 mU 053 mmol) m 
anhydrous ether (350 mL) was bubbled HCl(g) until saturation 
(ca. 9 equiv of HC1 waa absorbed). After the resulting solution 
was allowed to stand at 0 °C for 24 h, the advent aim excess HQ 
were removed under reduced pressure at ambient temperature 
to give a white salt. The salt was successively washed with an- 
hydrous ether and dried under reduced pressure to give methyl 
3^methoxycarbmiyi^ hydrochloride (71) (*L1 g. 97% 

yield). The imidate salt was dissolved in anhydrous MeOH, and 
the solution was stirred at room temperature for 26 h. As the 
reaction proceeded, NH4Q precipitated. After the salt was filtered 
off, the filtrate was dUuted with ether. Trie ethereal sciunon was 
washed with aqueous NaHCOs and brine and dried over MgSO* 
Filtration and evaporation afforded the crude product (86.9 g), 
which waa distilled to give trimethyi 3-(methoxycarbonyl)- 
orthor^opionate(81)(83J>g.90% V^^P 1 C 
l H NMR (CDCIb) * 1^2-2^1 (m, 4 H), 320 (a, 9 H) t 3.67 (a, 3 
H) 

Triethyl Methoxyorthoacetate (8a). Following the procedure 
described above, methoxyacetonitrile (9.56 g, 0.13 mmoD was 
treated with anhydrous EtOH and HCl(g) to give ethyl meth- 
oxyacetoimidate hydrochloride (7a) (18.7 g v 69% yield), which 
waa sub jeeted to akchoryab with anb^^^H to a^ after 
distillation, triethyl inethoxyorthoaeetate (8a) (13.1 g. 57% ytdd): 
bp#5^92*C (32 mmHg); l H NMR (CDClj) * 1.21 (t, 3 a 0 
75Hz).3^(» > 3H).3.47(a,2H).3^(q.2H,J-7^^ 

Other ortho esters except 8p and 8q were prepared smuTarly 
using the corresponding nitrites (0.02-O.4S-mol scale). AD results 
are given in Table L . 

Trimethyi 3^Iaopropoxycarbc^l)orthopropionate (8p). 
Sodium china (500 mg, 21.7 mmol) were added into 200 mL of 
2-propanoL and the mixture was stirred at ambient temperature 
for 2 b. After the sodium chips were completely dissolved, 10.0 
g (52 mmol) of trimethyi 3-(methoxycarbonyl)orthcpropumate 
(81) waa added. Stirring was continued at 55 °C for L5 h, and 
thereauhingmhmirewasduut^ The ethereal solution 

waa washed with aqueous NH 4 C1 and brine and dried over an- 
hydrous MgSO«. Ffltration and evaporation afforded 12-3 g of 
an oily crude product, which was distilled under reduced pressure 
to give &40 g of trimethyi 3^iaopropc*ycarb^ 
(8p) (73% yield): bp 109-111 °C (12 inmHg); »H NMR (CDCy 
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* 1.19 (d, 6 H, J 9 €u0 Hx), 2.0O-ZO7 (m, 2 H).Z25-23i (m, < 
H).3.20(a,9H).436(qu,lH,^-^3HxX .3^ 
Trimethyi 3-(tort-Butyloxycarbonynorthopropionatij 
(84) Into a solution of 1O0 g (52J) mmoD of trimethyi 'r* 
(methoxyearbony^^ W in mL offeit-brr 

alcohol was added AJSO g (42^ mmol) of trBoOK. Stirring t 
continued at60*Cfor24h,andthe reaction nnxtoe was c— 
to room temperature and diluted wfth ether. The ethereal so — ^ 
waa waahed wimaqucgaNH^a^ 

Ffltration and evaporation afforded ll^gcfanouycruo^piodoe^ 
which was diitflled under reduced pressure to ^ J.75 g 
trimethyi Mtert-botyioxycarbc^^ Mj iM 

yield): bp 104-106 *C (12 mmHg); *H NMR (GDQ J « W 
9 H). ISI-2S* (m,2 H), Z2D-Z27 ^2«U^^ ^^ 
Preparation a* the Derivatlvee of tt4>eso92UcU9»S 
betamethasone 17a-FunctloTii11xed AlVii^trt. A typtce^ 
procedure for preparing n*Xkxo4*4uai*W^^ 
«3^methoxycari»^^ 

ene-3^fcme(UDw»asfbuW ,„ ' rv:._g& 

^Fluoro-ilWt^hydiox^ 
propaiioyl)<w>-ie^nethylnrea^ 

hSmSS of UuoTSw mmol) of **4toat<M0XM^ 
trihyc^xy-16^ethylpregna<l,^iene^^one jbrt£S 
methadone) and 14.7 g#SA mmol) of tnmethyl 3K*ethox>; J 
carbtmyDcrthc^r^^ 

g of p-tduenesuHbnk acid. After being atirred at ambient tern- 
perature for 12 h under nitrogen, the reaction rnrraire wax treated : 
with 2 mL of Et,N. The resulting solution was poured mta 

aqueous NaHCOi and cxtra< * e £* i * fa ^^^l^^Gr^'wt 
were waahed with brine and dried over anhye^ous MgW* 
tration and evaporation under reduced pressure gave 16\0 g of 
the crude ortho eater (101). il _ . 

Asdutionofcrude 101 and 60 mL of 028% aqueous AlC^m 
200 mL of MeOH wax atirred at ambient temperature te o n. 
The reaction rnixxure was treated with aqueous NaHCOs ancL 
extracted with Theextracra were waahed with bnne and 

Q^edoveranhydrouaMgSO» Ffltratinn and evaporation under 
reduced pressure gave the crude product, wldch wax chromato- 
Kraphed on silica gel to afford Ifii) g of 111 (81% yield). 

2i-CMoro-$«-nuorc-110-hydroxy^ 
carbonyl)prop«xtoyI)w>.l6^i»th^ 
dione(131). Into a mixture of lWg (29.6 imnoD of 1U and 31 
mL of E^N in 300 mL of 0*1,0, waa added 5J0 g (44.4 mmol) 
of methaneaulfonyi chloride dropwiae at 0 M Stanng wax 
orartmuedatO^uwieriunxjgm Tlie reaction mixtore 

waa poured into ice-cooled 3 N HQ and extracted with CHrCl^ 
The extracta were washed with aqueous NaHCO, and brine and 
dried over anhydrous MgSO* Filtration and evaporation under 
reduced pressure gave 206 g of the crude mesylate (121). 

A mixture of crude 121 and SJ2& g (148 mmol) of IiCl in 190 
mL of DMF waa atirred at 90 *C under nitrogen for 5 h. After 
cooling to ambient temperature, the reaction inixture was cUlut^ 
with EtOAc The organic solution was washed with brine three 
times and dried over anhydroua MgSO* Ffltration and evapo> 
ration under reduced pressure gave the crude promict,s5ch waa 
chromatographed on silica geL ReayataflixationnnmM 
n.texaMprveU.7 g of 1M (75% yield): nmxlo^e^^NMft 
(CDC1 J 5o3b (a, 3 H) B L28 (d. 3 H, J - 6i) Hx), Ul (a,3H). 
^3 H). 4^1(e,2H), 5^HU8 (m, 1 HK&04 (4 1 6^ 
t&l 1 a/- 10 Hx, J - Z0 HxK 730 (d. 1 H. J - l0 Hx);IR 
(KBr) 3450. 1735, 1666, 1635, 1620, 1610 cm-*. Anal (C»H M - 

cifOt) c, a cl 

Other derrvativea of 21-dWy*2XHmlcrobe t a met ha« oi i e 17a- 
functumalized alkanoate except 13m, 13n, 13p, and 13q were 
similarly prepared from betamethasone using the corresponding 
ortho eaten aJbove prepared. AH results are given in Tablea II 

an l^TOro-llA21-cUhydr^ 

oxycarbonyl)propanoyl)oxy)pregna.l^-dlene-VO^ 
(lip). Compound Up wax obtained by the similar procedure 
described for ccmpound ia Betamethaac^(O80g > 2JUinmol) 
and the ortho eater 8p (0^1 g, ZS7 mmm) gave lOp, which waa 
converted to 1-30 g of crude lip. Hie crude lip waa used in the 
next step without further pu rifi ca tio n. 

21^bloro-*r-nimr©.ll^by^^ 
piopoxycarbonyl)propanoyr|oxy)pie 
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/ (Up). Into a solution of L02 g of the crude lip and 0.70 mL of 
,-2^ pyridine in 20 mL of CHjCIj was added LOO g of trifluoro- 
'■■%r nxethanesulfonyl anhydride at -30 *C After the mixture was 

§ stirred at -30 °C for 15 niin,CL2mL of MeOH was added. The 
reaction miiture was coocentrated in vacuo to give an oily residua, 
.... - Into which a solution of 325 mg of LiQ in 6 mL of DMF was 
added. After being stirred at ambient temperature far 30 min, 
jUr- the reaction mixture was poured into cold 1 N HQ and extracted 
if with CHfCV The extracts were washed wiahrme and dried over 
f anhydrous MgSO*. Filtration and concentration gave the crude 
ii product, which was chromatographed on silica gel RecxystalU- 
gation from EtOAc afforded L03 f of Up (91% yield): mp 
:? 163-164 l HNMR (CDCy ia98(s>3H), L19(d. 6 
/■ 6J2Hi). l^(d,3rLJ-7J2Hx),L63(a > 3H).i^5{s,2H). 
:: 4J39-4.46(m,lH}.434(q,lH,^-6J2Hx),an(s t lH).6^3 
{ (daMH,,/- lOHx, J-ZOHi) f 6.18(d,lH t /-10HxhIR 
V (KBr) 3450, 1735, 1660, 1620, 1610 cm* Anal (C*H*ClFO,) 
C,H,CL 

17a-<(3-<r4rt-Butoxycarbony0propaiioyI)oxy)^^ 
U^l-dihydroxy-16^methylpre«na-l,4HUene^ v 20-dlone 
<llq). Compound Uq was obtained by a procedure similar to 
that described for compound 11L Betamethasone (L00 g, 2£5 
mmoi) and the ortho ester 8q (LSI g, 6JS9 mmol) gave lOq, which 
was converted to L12 g of crude Uq. Hie crude llq was used 
in the next step without further purification, 

17a^(3-(tart-ButoxycarbonyOprc^wnc7l)oxy>-21-cJiloro- 
9cr-fluoro- 1 l£-hyd>oxy-16frmethylprea^iarM-o^^ 
(13q). Via the procedure for the preparation of 13p described 
above, L12 g of the crude llq was treated with 0.81 g of tri- 
fluoromethanesulfonyl anhydride and 0i80 mL of pyridine in 
CHjClj to give the crude triflate 12q, reaction of which with 0l38 
g of LiCl in 7 mL of DMF gave, after purification by column 
chromatography an silica gel and recrystallixation from EtOAc 
1.28 g of 13q (89% yield): mp 167-168 # C; l H NMR (GDCl*) 5 
0.98 (a, 3 H), L35 (d, 3H, J - 7.2 Hz), L40 (a, 9 H), L53 (a, 3 
H), 4.06 (s, 2 H), 4J6-4.44 (m, 1 H) f 6.11 (s, 1 H), &33 (dd, 1 H, 
J - 10 Hz. J - 2.0 Hz), 7.17 (d, 1 H, J - 10 Hz); IR (KBr) 3430, 
1740, 1670, 1620 cm* 1 . Anal (C^H^oClFOr) C, H, CL 

21-Chloro-17a-((3-(ethoxycarhonyl)propaiioyl)c^>-9a- 
fluoro- 1 l^hydroxy-lfi^nxethylpregna-l^Hlieiie-^O^oiie 
(13n). Into a solution of 0.50 g (0.95 mmol) of I&1 in 25 mL of 
anhydrous EtOH was added a solution of 22 mg (0.95 mmol) of 
sodium in 25 mL of anhydrous EtOH. The reaction mixture was 
stirred at ambient temperature for 12 h. The resulting mixture 
was poured into cold water and extracted with EtOAc The 
extracts were washed with brine and dried ova anhydrous MgSO*. 
Filtration and evaporation of solvents under reduced pressure 
gave the crude product which was chromatographed on sinca gel 
Recrystallization from EtOAc and n-hexane afforded 0l29 g of 
13n (57% yield): mp 228-230 °C; >H NMR (CDClj) 6 L10 (a, 3 
H), 1.22 (t,3H,J» 7.0 Hz). 1.23 (d, 3 H, J = 8.0 Hz), L58 (s, 
3 H). 4.08 (q,2!W-7jOHx). 4.33-4.52 (m, 1 H), 6.08 (a, 1 H), 
6.28 (dd, 1 H, J - 10 Hz, J - 2.0 Hz), 7.21 (d, 1 H, •/ * 10 Hz); 
IR (KBr) 3450, 1735, 1706, 1665, 1610 cm* 1 . Anal (CbHsOFOt)- 
C, H,CL 

2 1 -Chloro-9a- fl uoro- 1 1 0- hydroxy* 17o-((4- (methoxy* 
carfconyl)butyryl)oxyH6p^m£thylpreg^ 
(13m). Via the procedure for the preparation of 13n, 0.40 g (0.72 
mmoi) of 13o was treated with 39 mg (0.72 mmol) of NaOMe in 
10 mL of arihydrous MeOH at room temperature for 12 h to afford, 
after purification by column chromatography and g * f, y**flflfHftfon 
from EtOAc and n-hexane, 024 g of 13m (62% yield): mp 251-254 
•C; »H NMR (CDC!») * L19 (d, 3 H, J - 7.6 Hz), 1 .31 (a, 3 H), 
1.57 (a, 3 H), 3.67 (s, 3 H), 4.35 (m, 1 H), 643 (s, 1 H), 6\33 (dd, 
1H,J- 10 Hz, J - 2d Hz). 7.21(^1^ -10 Hz); IR (KBr) 
3450, 1740, 1700, 1660, 1610 cm" 1 . Anal (CaHjgCIFOr) C, H, 
CL 

17a-((3^arboaypropaiioyl)oxy)-21-chloro-9a-flnoro*ll^ 
hydroxy- 1 6l^niethy]pre*ma-l,4-diene^ (13r). Into 

a solution of 0.15 g (0i29 mmol) of 131 in 12 mL of AcOH was 
added 6 mL of 1 N HCL After stirring was continued at 50 *G 
for 24 h, the resulting mixture was extracted with CHC1» The 
extracts were washed with brine, dried over anhydrous MgSO* 
and concentrated under reduced pressure to give, after column 
chromatography on silica gel, 0.14 g of I3r (92% yield) as an 
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amorphous product *H NMR (CDO*) 6 L01 (a, 3 H), L38(d 
3 H, J - 7.2 Hz), L56 (s, 3 HK 4i* (a, 2 H), 4.43 (m, 1 H), 6L15 
(a, 1 H), 637 (dd. 1 1W« 10 Hz,/ - Z0 Hz). 7.22 (d. 1 H, J 
- 10 Hx); IR (KBr) 3425, 1730, 1655, 1610 car*. AnaL (C»r 
H«CIFO r )C,H,CL 

Croton Ofl Induced Ear Edema in the Mice. The exper- 
imental pr oce d ure was f according to the m«**«H of 
Toncffieiai*wnfraome mnn^ Male day mice 4 weeks 
old were used. He sterosdi hi appropriate concentrations wen 
mixed whii an mflamDMtory vsm 

I part 05% carboaymethyl calhilose m salme, 14 parts alethyl 
ether, and 1 part croton ofl. Ha vehidi ^ was applied to the right 
ear of rmsrtff t hrt ixed mice by three uniform upward strokes of 
felt-tipped fctcepe* Rye hoora after tha amplication, both 
were removed and weggfaeol Thaedezoa weight was obtained by 

faiflamed ear* FortisBpurposeofeatimatzhjrela^ 
standard paraMB»assay method was used. : v- . ^ 

Croton Oil Imhaced C&amnloma Pouch in the Rata,' The 
granuloma pooch teat of Serjv 11 was adopted with some modi- 
fications. 1^ steroid* m appropriate co 
with an inflammator y vehkfa cnnswtinf of 89 parts cotton seed 
oil, 10 parU ethaool, and 1 part croton ou^ Male Wistar rata 6 
weeks old were used. Each rat was Egte 
and a pouch was prodacedlqr sobcntBTreously injecting 20 mL 
ofairw^asyiin9mtliaimd& mmiediately.tho 
inflammstory vehicle was injected into the pooch, Seven days 
later, the rati were weighed and knled. The pouch was carefully 

coflprfed and the volume waa measmed. llie granulation tixaue, 
thymus, and adrenal ghmds were removed and weighed. For the 
purpose of estmiatmf relative potency, the standard parallel use 
assay method waa used. 

Qucocertlcoid Receptor tt^t^y T^e relative bindina; 
a ffini t ies of steroids fat the gj u n km irti c ord receptor of rat gver 
cytosol were measur ed by aanpetHiv e displacement of (*H]- 
dexnmpthasoiiw Male Wistar Tmamirhi rata 9 weeks old were 

USed. tt»rh rmt — mhmimU**, w*j*»A rnnW rth~ nwmA—j* TWO 

days later, the liver was exdsed and homogenized in a 10-fold 
buffer rontwimng 50 mM TneWl, 1 mM EDTA, 2 mM dithio- 
tbreitol, 10 mM Na,MoO* and 10% grycerol (pH 7.4). The 
hcmo^eiiate was collected as the supo The cytosol 

was centriruged for 1 h at lOSOOQg at 4 *C and collected as the 
supernatant fraction. The cytosol was mixed with 5 nM [*H]~ 
dexamethaaone in the pieaance or absence of appropriate con- 
centrations of competitors and mco bated for 2 h at 4 °C. The 
reaction was terminated by the acffimcf byaroryapatitemo*aV 
to separate the receptor-steroid complex from free (*H] dexa- 
methaaone. The radioactivity bound to the receptor was deter- 
mined by liquid sdntulatioo spectrometry. The 10^ values were 
estimated by probH analysis. 

Registry No, 6*, 173S-36-9; 6b, 110-67-8; Sc, 107-14-2; 6d, 
628-20-6; 6e, 5325-93-9; 6t 35120-1O6; 6c 109-77-3; 6h, 110-61-2; 
61, 5500-21-0; 6), 6542-604; Ck, 105^34-0; 61, 4107-62-4; 60, 
10444-38-9; 7a, 4294^66-% 7K 61737-87-9; 7c, 36743^6-6; 76% 
77570-15-1; 7e, 133871-47-% 7t 74979-21^8; 7g; 53557-70-3; 7h, 
39547-14-3; 71, 77570-14-0; ft 21572-78-1; 7k, 133871-48-1; 71, 
52070-12-9; 7o, 15667-71-7i 8a, 58995-66-7; 8b, 77197-59-2; 80, 
51076-95^ 8d, 54917-7&* 8a, 133871-494; 8f , 128788-71-6; 8& 
70138-31-7; 8h, 133871-50^ 54917-76-9; 8}, 133871-51-9; 8k, 
133871-524); 8% 71235-00-2; 8a, 13464-27-2; 8p, 133871-53-1; 8q. 
133871-54-% 9, 378-44-9; 101, 98040-72-3; 111, 98008-92-5; lip, 
133871-55-3; Uq, 133871-5&4; 121, 98008-94-7; VZq, 133871-57-5; 
13a, 133871-584; 13b, 133871-59-7; 13c, 10444943-8; 13d, 
. 10444^40-3; 13a, 133871-600^ 13t; 128420^4-0; 13h, 133871-61-1; 
131, 133871-62-2; UJ, 133871-63-3; 131, 97342-63-7; 13m, 
133871-64-4; 13n, 97342404b 13o, 9800941-9; 13p, 97342-82-0; 
13q, 133S714&4; 13r, 133871-664L 

Sopplementary Matarfal Availahle: Tables of elemental 
analysis, NMR data, and IR data for 13 and NMR data for 8 (9 
pages). Ordering information a given on any current mnithrad 
page. 
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